Summary: Aim of this study was to compare relation between maximal anaerobic power output and 2,000 m test on rowing ergometer and relation between 6,000 m test and 2,000 m on rowing ergometer. It can be assumed that 2,000 m performance on rowing ergometer will significantly correlate with maximal anaerobic power output and 6,000 m performance. A group of 9 welltrained rowers (age: 18.3 years ± 2.8 years, sport age: 4.9 years ± 3.7 years, weight: 78.9 kg ± 12.2 kg, height: 182.3 cm ± 7.6 cm) performed three tests in 1 week to determine maximal anaerobic power, 6,000 m and 2,000 m performance on Concept 2 model D rowing ergometer. A value of simple maximal stroke out of 10-second all-out test with drag factor set to 200 was taken as a measure of maximal anaerobic power. Drag factor for 6,000 m and 2,000 m test was set individually. Average power during these tests was record. Research showed that both maximal anaerobic power and 6,000 m test correlated with 2,000 m test on rowing ergometer significantly (r map = 0.93 p < 0.01, r 6k = 0.95 p < 0.01). Maximal anaerobic power and 6,000 m tests seem to be good predictors for 2,000 m score on rowing ergometer. However, maximal anaerobic power test can be used to monitor rowing performance during specific training cycle instead of longer and more demanding 6,000 m test.
Introduction
Rowing is a strength endurance sport which is performed by cyclic form of movement. Rowing competitions are held mostly on 2000-meter racecourse which is also length of Olympic race. In average, boat speed can reach 5.5 m.s -1 depending on boat class.
Duration of race is from 5 min 40 s to 9 min with 200 -250 total strokes depending on category. Stroke rate is individual, relates to maturity and performance level of crews and is from 30 to 48 strokes per minute (Schickhofer 2010 ). According to Steinacker (1993) power per stroke in an elite men's eight averages 450 to 550 W, but can be as high as 1,200 W.
Energy for moving the boat during the race comes from aerobic and anaerobic energy systems. Many studies on elite male rowers suggest that average 2,000 m race is covered to 80 -85 % by aerobic and 20 -15 % by anaerobic energy. Maximal aerobic power (VO 2 max) is one of the most commonly measured physiological variables. It is the best measure of the functional limits of the cardiorespiratory system and is often used as measure of physical fitness. VO 2 max is the variable most often correlated to rowing performance (Ingham et al. 2002; Reichman et al. 2002) . Maximal aerobic power can be estimated as the average power output from a 6,000 m test because of its duration (approximately 20 minutes). Anaerobic capabilities are particularly important off the start and in the final 250 m of the race. A single parameter of anaerobic ability is maximal anaerobic power. It can be measured as the maximum power of a single maximal stroke out of 10-second all-out test with the ergometer set to drag factor 200. Maximal anaerobic power has started to emerge as a strong predictor of rowing performance. Nolte (2011) showed that even though power at VO 2 max was considered the best predictor of rowing performance, maximal anaerobic power on a rowing ergometer was highly correlated to on water rowing performance than VO 2 Nevertheless, the knowledge of physiology, it is known that long-term preparation is not affecting the ratio of muscle fibres. This means that successful rowers are limited by genetic proportion of muscle fibres.
Theoretically, there would be difference in maximal power output between two rowers with same 2,000 m score but different sport age. It can be assumed that rower with less experience would have higher maximal anaerobic power output because it depends on number of FT type fibres.
Rowing represents unique sport requiring high levels of both strength and aerobic power. According to Nolte (2011) typical maximal anaerobic power scores for heavyweight men -900 to 1,100 W and lightweight men -650 to 800 W. Average power output during 2,000 m test should be 40 to 45 % of peak power. According to Steinacker (1993) forces of 1,000 -1,500 N are needed in the start of the race, 600 -800 N in the start phase, 500 -700 N during the race, and 600 -700 N for the finish (Figure 1 ). These data indicate that rowers need a high level of maximal strength and strength endurance.
Figure 1
Peak force and stroke rate during 2,000 m race (Steinacker, 1993) According to Hagerman & Staron (1983) and Larsson & Forsberg (1980) Nevertheless, many coaches still rely on endless hours of aerobic training. They forget the importance of higher intensity anaerobic training, which can make the difference between winning and losing race. Therefore, the aim of this study was to elucidate relation between maximal anaerobic power output, 6,000 m and 2,000 m rowing performance on a group of well-trained rowers.
Aim
Aim of this study was to compare relation between maximal anaerobic power output and 2,000 m test on rowing ergometer and relation between 6,000 m test and 2,000 m on rowing ergometer.
Methods
A group of 9 well-trained rowers (age: 18.3 years ± 2.8 years, sport age: 4.9 years ± 3.7 years, weight: 78.9 kg ± 12.2 kg, height: 182.3 cm ± 7.6 cm) performed three tests on rowing ergometer Concept 2 model D to determine maximum anaerobic power (10-second all-out test), average power at 6.000 meter performance and average power at 2,000 meter performance. Group of rowers did this maximum anaerobic power test in warm up before competition in 2,000 meters. Like normally, rowers set their drag factor individually. It is not necessary to put high drag factor, because strokes cannot be so strong, because of lasting of tests. It is not possible to produce so high strength strokes for more than 6 minutes, what is normally time for 2,000 meter test. Mean power of 2,000 meter was captured.
6,000 m test was performed one week after maximal anaerobic test and 2,000 m test as part of Slovak National Rowing Federation winter trials. Drag factor was set individually as in 2,000 m test. Mean power of 6,000 m was captured.
Statistical analysis
To estimate relationship between maximum anaerobic power output and 2,000 m test and between 6,000 m test and 2,000 m test on rowing ergometer was applied nonparametric Spearman's rank correlation. The significance level was set to p < 0.01.
Results and discussion
Data obtained (Figure 2 ) demonstrated significant correlation (r = 0.93 p < 0.01) between maximal anaerobic power output and mean power output at 2,000 m simulated race ( Figure 3 ). There was significant correlation (r = 0.95 p < 0.01) also between mean power output at 6,000 m and 2,000 m simulated race (Figure 4) . Correlation 2,000 m test and 6,000 m test rowing ergometer performance. However, we recommend to use maximal anaerobic power output test because of its shorter duration and lower energy demands.
